Cashmere goats, as an important part of animal husbandry production, make outstanding 22 contributions to animal fiber industry. In recent years, a great deal of research has been done on the 23 molecular regulation mechanism of hair follicle cycle growth. However, there are few reports on 24 the molecular regulation mechanisms of secondary hair follicle growth cycle in cashmere goats. In 25 this study, we used transcriptome sequencing technique to sequence the skin of Inner Mongolia 26 cashmere goats in different periods, Analyze the variation and difference of genes in the whole hair 27 follicle cycle. And then, we verified the regulation mechanism of cashmere goat secondary hair 28 follicle growth cycle by fluorescence quantitative PCR. As the result shows: The results of tissue 29 section showed that the growth cycle of cashmere hair could be divided into three distinct periods: 30 growth period (March-September), regression period (September-December) and resting period 31 (December-March). The results of differential gene analysis showed that March was considered 32 the beginning of the cycle, and the difference of gene expression was the most significant. Cluster 33 analysis of gene expression in the whole growth cycle further supported the key nodes of the three 34 periods of villus growth, and the differential gene expression of keratin corresponding to the villus 35 growth cycle further supported the results of tissue slices. Quantitative fluorescence analysis 36 showed that KAP3.1, KRTAP 8-1 and KRTAP 24-1 genes had close positive correlation with the 37 growth cycle of cashmere, and their regulation was consistent with the growth cycle of cashmere. 38 However, there was a sequence of expression time, indicating that the results of cycle regulation 39 made the growth of cashmere change. 40 41 Keywords： Transcriptional group; differentially expressed genes; cashmere goat skin; 42 villus growth cycle; keratin. 43 44 45 49 Mongolia cashmere goats have two distinctly different fibrous structures, with thick and coarse hairs 50 on the upper layer of the skin and fine and soft cashmere underneath. The cashmere comes from the 51 secondary hair follicle structure in the skin[8], and the coarse hair comes from the primary hair 52 follicle structure in the skin[9, 10]. Hair follicles, after shedding old hair shafts, produce new hair 68 was to investigate the correlation between differentially expressed genes and the regulation of hair 69 cycle transitions at different stages of hair growth. The biological functions of differentially 70 expressed genes at different stages of hair growth play an important role in the elucidation of the 71 regulatory mechanism of hair growth, laying a theoretical foundation for the study of this regulatory 72 mechanism. 73 74 Methods 75 Animals 76 In this experiment, Three Inner Mongolian cashmere goats were selected from 77 the same grazing environment. All animal experiments were performed in accordance 78 with the 'Guidelines for Experimental Animals' of the Ministry of Science and 79 Technology (Beijing, China). All surgery was performed according to 80 recommendations proposed by the European Commission (1997), and was approved by 81 experimental animal ethics committee of Inner Mongolia Agricultural University. 82 These goats had the same weights, body sizes and ages; they were unrelated, and they 83 exhibited good growth of does aged 1 year. The sampling period was 1 year, and none 84 of the experimental goats were kids. Skin samples were collected at the beginning of 85 each month. Skin samples were collected from the midline part of the scapula at 10-15 86 cm in the Department of Surgery, and directly stripped 3-cm-diameter skin samples 87 were collected after flushing with PBS and rapid freezing in liquid nitrogen. Then, the 88 samples were transferred to the laboratory in a liquid nitrogen tank and stored in a spare 89 -80 °C freezer. 90 91 Total RNA extraction from skin 92 Total RNA was extracted from the skin of three cashmere goats using an 93 RNAiso Plus Kit (TRIzol method). The total RNA was tested for purity and integrity 94 by a sterile UV-vis spectrophotometer and an Agilent 2100 bioanalyzer, respectively. 95 Total RNA was stored in a freezer at -80 °C. 96 Construction of sequencing library 97 CDNA library construction for transcriptome sequencing was performed 98 according to the operating instructions for the Illumina TruSeqTM RNA Sample 99 Preparation Kit. The total RNA from the three cashmere goats was pooled by mixing 100 equal amounts of each. The mRNA was purified by using oligo-dT magnetic beads and 101 then fragmented to 100-400-bp mRNA. Double-stranded cDNA was synthesized by 102 using fragmented mRNA as a template, exonucleases and polymerases. The ends of the 103 double-stranded cDNA fragments were blunted, and the double-stranded cDNAs were 104 phosphorylated to ligate the sequencing adapters and poly (A) tail, and the sizes of the 105 cDNA recovered were confirmed to be 200-300 bp by using a Bio-Rad Certified Low-106 Range Ultra Agarose Kit. PCR amplification of cDNA was performed to obtain a 107 sequencing library, and library quality control was conducted using a TBS-380 108 instrument. 109 Transcriptome sequencing 110 Paired-end sequencing of the cDNA was conducted by using an Illumina 111 HiSeqTM 2000 sequencing platform. A 2 × 100 bp sequencing test was performed, and 112 samples were sequenced by Shanghai Meiji Biopharmaceutical Co., Ltd. 113 Quality and stitching of sequencing data and annotation of stitching 114 results 115 The overlapping and low-quality sequencing data were removed. Trinity 116 software was used to assemble the data into transcripts for transcriptional annotation 117 and calculation of expression levels. The annotated sequences are aligned with the GO 118 database using Blast2GO software, and annotated sequences were classified according 119 to biological processes, cellular components and molecular functions. The expression 120 levels were calculated using FPKM (fragments per kb of transcript per million mapped 121 reads) [24], and finally, significant difference analysis was performed on the expression 122 levels of all genes/transcripts in each group of samples. RSEM and R software were 123 used to identify all the differentially expressed genes/transcripts, and R software was 124 used to calculate the relative expression levels of the genes. 125 126 Haematoxylin and eosin staining of skin samples over twelve months 127 Fresh skin samples were taken from Inner Mongolian cashmere goats over one 128 year and fixed in 4% paraformaldehyde for 24 h, which was followed by dehydration 129 in 30% sucrose solution for approximately 24 h. The samples were embedded in OCT, 130
Introduction 46
The growth of hair follicles in mammalian skin changes dynamically after birth, and the growth of hair follicles is cyclical. The hair growth cycle can be divided into the telogen, anagen, [17, 18] . This periodic growth pattern of hair 59 depends on the intrinsic molecular mechanisms and external growth environment [19, 20] .
60
With the progress of research technology, second-generation high-throughput sequencing 61 technology can be used to screen for differentially expressed genes [21] , allowing research across a 62 broad spectrum of gene expression. RNA-Seq technology is a high-throughput sequencing 63 technology that can be used for additional research on gene transcripts to discover low abundance 64 transcripts and new transcripts and to identify differential expression of transcripts among different 65 samples [22] [23] [24] .
66
In this study, second-generation high-throughput sequencing technology was used for 67 transcriptome sequencing of skin samples from different stages of hair growth. The aim of this study using a PrimeScript RT Reagent Kit (TaKaRa) in a 20-μL reaction volume with 10 μL 143 of 2× SYBR Premix Ex Taq II (TaKaRa), 2 μL of cDNA, and 0.5 µL of each primer.
144
The reaction was assessed on a Bio-Rad IQ5 multicolour real-time PCR We observed the skin tissue of cashmere goats by tissue sectioning technology. As the results 156 showed (Fig. 1) , The number of secondary hair follicles in cashmere goats decreased gradually from hair follicles began in April ( Fig. 1 D) , The statistics of secondary hair follicles also began to 160 increase at the same time. It is observed that there is a velvet appearance on July (Fig. 1 G) 198 Table 2 The result of the high quality raw data 
Classification of gene function annotation 206 207
According to the GO classification statistics( Fig. 3) , the skin expression genes can be 208 divided into three main categories: biological functions, cell components and molecular functions.
209
In this study, 51078 transcripts were noted with GO annotation. Among them, in biological function, In order to further explore the rule of gene expression, We calculated the correlation 220 coefficient and cluster analysis of all gene expression levels in the 12 month natural cycle ( Fig. 4 ).
221
The results show that clustering information can be divided into three categories. The sample LZH3 In order to explore the expression patterns of genes that play a key role in the cycle, we 238 extract the expression information of all target genes for 1-12 months, and then cluster the 239 expression patterns by analysis and exclusion. Gene expression patterns of several pathways related 240 to villus cycle were obtained (Fig. 5A) . The results showed that the expression pattern of genes 241 related to villus cycle was consistent with our analysis of differential gene expression. The results
242
further supported that villus of villus cycle began to enter the start stage in March, entered the 243 regression stage in September and entered the end stage in December. However, the development 244 process of villus cycle can not be visualized through the skin appearance results, because the development of cycle precedes the growth of villus, and there is a causal relationship between them. growth cycle, we also clustered the expression patterns of keratin and keratin-related genes (Fig.   249  5B) . The results showed that the expression of keratin was consistent with the results of tissue 250 sections, which further supported that the villus cycle first started (degenerated or rested), and then 251 cascaded leading to changes in the expression of keratin gene, thus promoting the occurrence of 252 villus (growth or degeneration). In order to further study the relationship between keratin gene and 253 cycle, we take the gene with the highest expression as a case for further study. 263 12 months ware confirmed by quantitative PCR (Fig. 6 A) . The results showed that KAP 3-1 was 264 expressed in the skin at different stages of a year, but the expression of KAP 3-1 was significantly 265 different (P<0.05) and fluctuated periodically in 12 months. The expression level of three months 266 in August, September and October was significantly higher than that in other months (P < 0.05).
than that in rest or regression phase. Subsequently, To verify the stability of gene expression. We 270 examined the expression of two other genes KAP 8-1 and KAP 24-1 in cashmere goat skin at several 271 stages by fluorescence quantitative analysis (Fig. 7) . The relative expression of KRTAP 8-1 (Fig. 7A) 272 and KRTAP 24-1( Fig. 7B ) genes in Inner Mongolia cashmere goats' skin showed periodic variation, slowly, which is a gradual process. Therefore, the study of genes related to the initiation 339 of cashmere growth has potential value in the discovery of genes that affect cashmere 340 growth in cashmere goats, such as genes that regulate the cashmere cycle and the 341 growth of cashmere, and the changes in expression from paused growth to active growth 342 are more severe at the genetic level, which is obviously useful for gene expression 343 research.
344

Conclusion and Summary
345
In this study, we used transcriptome sequencing technique to sequence the skin of Inner 
